The icy moons of Jovian planets are remarkable in their diversity and distinct evolutionary paths, and represent a challenge for our understanding of planetary formation and evolution. 1 Although some of these planetary bodies have been subject to close-up geophysical exploration, their formation conditions, structure, geophysical evolution and current state remain. Current and past spacecraft missions (e.g., Galileo and Cassini-Huygens) have provided unique information about the bulk and surface properties of icy moons. The expansion on the geophysical datasets has encompassed progresses on geodynamical models able to compute the heat fluxes through the satellite and to reconstruct their thermal history. 2 However, the ability of these models to interpret unambiguous the information encoded in the spacecraft observations is limited by the paucity of laboratory data on the properties of candidate icy moon materials at relevant pressure-temperature conditions. In this contribution we will present geodynamical models supported by new laboratory experiments to constrain the effect of volatile compounds on the crystallization of primordial oceans and on the thermal evolution of large icy moons. Specifically, we will describe new experiments designed to determine the melting temperature of ice phases (Ih and VI) and the fluid density in the binary methanol-water system (0-20 wt% methanol) using Brillouin scattering spectroscopy. 3, 4 Methanol has been recently detected in several comets and at the surface of Europa, and may be an important chemical component of subsurface oceans. The explored pressure-temperature range, 230 -300 K and 10 -4 -1.2 GPa, spans the conditions that prevail in the icy crust and primordial ocean of Titan. The experiments were conducted in a membrane-type diamond anvil cell outfitted for low temperature studies employing an in-house designed Peltier cooling system. Melting and crystallization in the system were monitored by changes in the Brillouin spectral features and in the pressure dependence of the measured sound velocities. The density of fluids ρ(P, T, x) in the binary methanol-water system was determined from the inversion of sound velocities measured in the fluids as a function of pressure along isotherms from 250 to 300 K. The results are combined with advanced numerical modeling to examine the effect of methanol on the thermo-chemical evolution of the subsurface ocean. The implications of these results for the thermal and structural evolution of icy moons, with particular applications to Titan, will be further discussed. To conclude, we will survey the gaps in knowledge on the thermos-physical properties of candidate icy moon materials. This review will set the bases to outline comprehensive laboratory research programs on material properties to support geophysical models and to define new exploration strategies for ongoing and future missions (e.g., JUICE).
